In this paper, we develop an optimization model for planning the positions of readers in the RFID network based on a novel Multi-swarm Particle Swarm Optimizer called PS 2 O. The main idea of PS 2 O is to extend the single population PSO to the interacting multi-swarms model by constructing hierarchical interaction topology and enhanced dynamical update equations. This algorithm, which is conceptually simple and easy to implement, has considerable potential for solving complex optimization problems. Simulation results show that the proposed PS 2 O algorithm proves to be superior for planning RFID networks than the standard PSO and other two evolutionary algorithms, namely Genetic Algorithm (GA) and Evolution Strategy (ES), in terms of optimization accuracy and computation robustness.
INTRODUCTION
Radio Frequency Identification (RFID) technology is a type of automatic identification system. The purpose of an RFID system is to enable data to be transmitted by a portable device, called a tag, which is read by an RFID reader and processed according to the needs of a particular application. In recent years, an enormous amount of technical and commercial development of RFID has been demonstrated in many industrial applications, such as production, logistics, supply chain management and asset tracking [1] . In many applications, the deployment of RFID systems has generated the RFID network planning (RNP) problem [2] that need to be solved in order to operate the large-scale network of RFID readers in an optimal fashion. However, RNP is one of the most challenging problems that has to meet many requires of the RFID system. In general, the RNP aims to optimize a set of objectives (coverage, load balance, economic efficiency and interference between readers, etc.) simultaneously by adjusting the control variables (the coordinates of the readers, the number of the readers, and the antenna parameters, etc.) of the system. As a result, in the large-scale deployment environment, RNP problem is a high-dimensional nonlinear optimization problem with a large number of variables and uncertain parameters.
In the past few decades, nature-inspired computation has attracted significant attention. Among them, the most successful are Evolutionary Algorithms (EA) [3] and Swarm Intelligence (SI) [4] . Evolutionary algorithms (EAs) are search methods that take their inspiration from natural selection and survival of the fittest in the biological world. Several different types of EA methods were developed independently. These include Genetic Programming (GP), Evolutionary Programming (EP), Evolution Strategies (ES) and Genetic Algorithms (GA). Swarm intelligence (SI) is an innovative computational way to solving hard optimization problems, which is inspired by the collective behavior of social systems such as fish schools, bird flocks and ant colonies. Currently, SI includes two different algorithms, namely Ant Colony Optimization (ACO) and Particle Swarm Optimization (PSO). Due to their simplicity and flexibility, various EA and SI methods have been developed to plan different wireless communication networks (e.g. cellular radio network, wireless sensor network, and RFID network), such as Evolution Strategies, Genetic Algorithm, and Particle swarm Optimization [5] . In this paper, a novel multi-swarm optimizer, called PS 2 O [6] , which extend the single population PSO to interacting multi-swarms model by constructing hierarchical interaction topologies and enhanced dynamical update equations, is proposed for solving the networking problem in RFID systems. By incorporating the new degree of complexity, PS 2 O can accommodate a considerable potential for solving more complex problems. Here we provide some initial insights into this potential by evaluating PS 2 O on the real-world RNP problem (focusing on minimizing four specific objective functions of a ten-reader RFID network). The simulation results, which are compared to other methods, are reported in this paper to show the merits of the proposed algorithm. The rest of the paper is organized as follows. In Section 2, the formulation of the RNP problem is given. Section 3 gives a review of the canonical PSO algorithm and the description of the proposed PS 2 O. Section 4 gives the simulation results of PS 2 O, compared with ES, GA, and PSO in solving the RNP problem. Finally, section VI outlines the conclusions.
DESCRIPTION OF THE ALGORITHM

Particle Swarm Optimization
PSO mimics the swarming behaviors observed in flocks of birds and schools of fish. The canonical PSO (CPSO) [7] used in this paper evolves a population of interacting particles searching for the optimum in the problem space. In mathematical terms, each individual's direction of movement is manipulated according to the following equations:
Where χ is known as constriction coefficient Table 3 .
PS 2 O algorithm
In PS 2 O, we implement a hierarchical interaction topology ( Fig. 1 ) that consists of two levels (i.e. individual level and swarm level), in which information exchanges take place permanently. Each individual of the proposed model evolves based on the knowledge integration of itself (associate with individual's own cognition), its swarm members (associate social interaction within each swarm) and its symbiotic partners from other swarm (associate heterogeneous cooperation between different swarms). That is, we extend the control law (the dynamic update equation) of the canonical PSO model by adding a significant ingredient, which takes into account the symbiotic coevolution (or heterogeneous cooperation) between different swarms. The enhanced control low of the particle dynamics can be formulated as: FOR (each particle i of swarm k) Find in the particle neighborhood, the point with the best fitness and Set this point as gd k p ;
Update particle velocity using equations (3); Update particle position using equations (4); END FOR END FOR Set t := t + 1; END WHILE
RFID NETWORK PLANNING PROBLEM
In this paper, the problem concerns the variables of the positions and the radiated powers of the readers. The working area on which the RFID network is deployed is considered as a flat square surface. The proposed solution is based on the mathematical functions that must be optimized considering the following principal requirements:
Coverage
The first objective function represents the level of coverage, which is most important in RFID system. In this paper, if the radio signal received at a tag is higher than the threshold P d = -10 dBm, the communication between reader and tag can be established. Then the function is formulated as the sum of the difference between the desired power level P d and the best received power r i P of i th tag covered by reader R b :
where N T is the number of tags in the working area. This objective function is in order to locate the RFID readers close to the regions where the desired coverage level is higher, while the areas requiring lower coverage are taking into account by a proper radiate power increasing of the readers.
Interference
Interferences among readers occur in a dense reader environment, where several readers try to interrogate tags at the same time in the same area. This result in an unacceptable level of misreads. This objective function is formulated as:
where M is the number of readers, dist() is the distance compute function, R i and R j are the positions of readers, r i and r j are the read range of i th and j th reader respectively. By changing the readers' positions and radiated powers, this objective function is in order to locate readers far from each other to reduce the interference.
Load Balance
We consider that all the readers should work at a load balance scheme. That is, a network with a homogeneous distribution of readers' cost can gives a better profit than an unbalanced configuration. The function is:
where C k is the assigned tags number to reader k in the working area. In the process of the optimization algorithm, the numbers of tags served by k th reader changes as the function of the position and radiate power of the reader.
Economic Efficiency
This aspect could be approached from various points of view. From our perspective, in order to meet the providers' requirement, the readers have to be positioned as closed as possible to the barycenter of the dense tags area. This objective can be reached by weighing the distances of each center of tags clusters from its best served reader. Here we employ K-means clustering algorithm to find the tags cluster. The objective function is formulated as: where M is the number of readers, dist() is the distance between the k th reader and the k th center, R k and Center k are the position of k th cluster center and its best served reader respectively. In this way the algorithm tries to reduce the distance from the readers to the elements with high tag densities.
Combined Measure
In this paper, the overall optimal solution for RNP is represented by a linear combination of the four objective functions: 
Where f i is the objective function for the i th objective.
EXPERIMENTAL RESULTS
All the algorithms are evaluated against an ideal square working area: a 30m 30m working space with 100 tags (shown in Fig. 2) . Ten RFID readers, whose radiated power is adjustable in the range from 0.1 to 2 watt, are considered to serve this area. The real number solution representation is used in all the algorithms for solving the RNP problem. When ten RFID readers are employed to serve the whole working area, the RNP problem can be considered as a continuous optimization problem with 30 dimensions. Then each solution vector is characterized by 30 genes, 10+10 genes for (x, y) coordinates of reader positions, and 10 genes for radiated powers of each reader. The performance of PS 2 O on the RNP problem has been compared with a real-code GA, the Self-adaptive ES (SA-ES), and the canonical PSO (CPSO). The maximum generation for each algorithm is 1000. The initialized population size of 100 individuals is the same for PS 2 O, GA and PSO. However, the whole population is divided into 10 swarms (each possesses 10 individuals) for PS 2 O in the initialization step. The GA algorithm we executed is a real-coded Genetic Algorithm (RGA) with intermediate crossover and Gaussian mutation. The population of the RGA is 100 and all the control parameters were set to be default of [8] . The ES algorithm used in our experiment is the Self-adaptive ES (SA-ES) which was implemented according to [9] . The parent population was set to at 30 and the offspring number was 100. Parameters of CPSO were set to the values 1 c = 2 c =2.05, χ=0.729. For PS The interaction topology illustrated in Fig. 1 Table III . Fig. 3 shows the search progress of the average values found by all algorithms over 20 runs for the five functions respectively. From Table III Fig. 4 (a) to (e) respectively, which also report the received power levels according to the path loss. It should be noted that many tests were carried out to find the optimal weight values of the global function f5. Form these experiments we have found that w1=w2=w3=w4=0.25 is the best choice. 
